Detection of coding/functional SNPs that change the biological function of a gene may lead to 30 identification of putative causative alleles within QTL regions and discovery of genetic markers 31 with large effects on phenotypes. Two bioinformatics pipelines, GATK and SAMtools, were used 32 to identify ~21K transcribed SNPs with allelic imbalances associated with important aquaculture 33 production traits including body weight, muscle yield, muscle fat content, shear force, and 34 whiteness in addition to resistance/susceptibility to bacterial cold-water disease (BCWD). SNPs 35 were identified from pooled RNA-Seq data collected from ~620 fish, representing 98 families from 36 growth-and 54 families from BCWD-selected lines with divergent phenotypes. In addition, ~29K 37 transcribed SNPs without allelic-imbalances were strategically added to build a 50K Affymetrix 38 SNP-chip. SNPs selected included two SNPs per gene from 14K genes and ~5K non-synonymous 39 SNPs. The SNP-chip was used to genotype 1728 fish. The average SNP calling-rate for samples 40 passing quality control (QC; 1,641 fish) was ≥ 98.5%. Genome-wide association (GWA) study on 41 878 fish (representing 197 families from 2 consecutive generations) with muscle yield phenotypes 42 and genotyped for 35K polymorphic markers (passing QC) identified several QTL regions 43 explaining together up to 28.40% of the additive genetic variance for muscle yield in this rainbow 44 trout population. The most significant QTLs were on chromosomes 14 and 16 with 12.71% and 45 10.49% of the genetic variance, respectively. Many of the annotated genes in the QTL regions 46 were previously reported as important regulators of muscle development and cell signaling. No 47 major QTLs were identified in a previous GWA study using a 57K genomic SNP chip on the same 48 fish population. These results indicate improved detection power of the transcribed gene SNP-chip 49 in the target trait and population, allowing identification of large-effect QTLs for important traits 50 in rainbow trout. 51 52 Introduction 53
CHIP GENOTYPING QUALITY ASSESSMENT

145
The SNP-chip was used in genotyping 1,728 fish from the USDA-ARS genetic lines. The 146 Affymetrix SNPolisher software was used to calculate the chip SNP-and sample-metrics and 147 assess QCs and filter samples/genotypes at the default setting [16] . Forty-seven SNPs previously 148 genotyped by a Fluidigm PCR-based assay [13] were used to check quality of Affymetrix chip 149 genotyping using 120 samples genotyped by both the chip and Fluidigm SNP assays. In addition, 150 we confirmed the quality of the SNPs and the order of the samples included in the genotyping 175 Genome-wide association analysis was carried out using fish from a growth-selected line that 176 has been previously described [20] . Briefly, this synthetic line is a 2-yr-old winter/spring-177 spawning population that was developed beginning in 2002, became a closed population in 2004, 178 and since then has gone through 5 generations of genetic selection for improved growth 179 performance. Fish from two consecutive generations (i.e., the third and fourth generations of 180 growth selection) were included in this study. Phenotypic data and DNA samples were collected 181 from 878 fish (representing 98 families from year-class (YC) 2010 and 99 families from YC 2012).
RAINBOW TROUT POPULATION AND PHENOTYPES USED FOR GWA
182
Methods used to sample fish from each nucleus family and to characterize muscle yield have been 183 described previously [10] . Eggs were hatched in spring water at 7-13°C to synchronize hatch 184 times. Each family was stocked separately in 200-L tanks and hand-fed a commercial fishmeal-185 based diet beginning at swim-up. Neomales were developed from a subset of alevins from the 186 previous year class by feeding 2 mg/kg of 17α-methyltestosterone for 60 d post-swim-up, and the 187 masculinized females were used as sires for the following generation. At 5-months old, fish were 188 uniquely tagged by inserting a passive integrated transponder, and tagged fish were combined and 189 reared in 1,000-L communal tanks. Fish were fed a commercial fishmeal-based diet using 190 automatic feeders. EBV were computed based on a two-trait model, 10- Weighted single-step GBLUP (WssGBLUP) was used to perform GWA analysis as 211 implemented in previous studies [24; 25; 26] . In addition to phenotypic data, wssGBLUP 212 integrates genotype and pedigree information to increase estimation precision and detection power 213 [25] in a combined analysis that is executed by the BLUPF90 software [27] . 214 The following mixed model was used for single trait analysis: where y is the vector of the phenotypes, b is the vector of fixed effects including harvest group 219 and hatch year, a is the vector of additive direct genetic effects (i.e., animal effect), w is the vector 220 of random family effect, and e is the residual error. The matrices X, Z1, and Z2 are incidence 221 matrices for the effects contained in b, a, and w, respectively.
222
As BLUP considers the variance components are known, AIREMLF90 [27] was used to 223 estimate variance components for the additive direct genetic effect, random family effect, and 224 residuals. Inbreeding was considered in all analyses, and was calculated using INBUPGF90 [27] 225 on 63,808 fish that represent five generations in the NCCCWA population. Quality control (QC) 226 of genomic data was performed using BLUBF90 [27] with the following parameters: SNP with 227 minimum Allele Frequency (MAF) >0.05, SNP with call rate > 0.90, animals with call rate >0.90, 228 and SNP with a difference between observed and expected allele frequency <0.15 (i.e., HWE test) 229 were kept in the data. Out of a total of 50,006 SNPs, 35,322 SNPs passed QC. For the first iteration 230 of WssGBLUP, all SNPs were assigned the same weight (e.g., 1.0). For the next iteration, weights 231 were calculated based on the SNP effects (̂) estimated in the previous iteration as ̂22 (1 − ), 232 where p is the current allele frequency. Each iteration was performed using three steps as follows: 233 first, weight was assigned as described above; second, BLUPF90 [27] was used to compute The SNP-chip was used to genotype 1,728 fish. Out of 50,006 SNPs, 32,273 SNPs (64.5%) 261 were characterized as high quality and polymorphic and 3,458 SNPs (6.9%) were high quality 262 monomorphic ( Table 1) . We compared the Affymetrix genotyping results of 47 SNPs that were previously genotyped 279 by a Fluidigm PCR-based assay [13] . Using 120 samples genotyped by both methods, there was a 280 99.5% match in genotypes between the two assays for high-resolution polymorphic markers (data 281 not shown). This test demonstrates the high quality of the SNP chip and reliable genotyping data 282 for the subsequent GWA analyses.
284
The SNP-chip showed an average minor allele frequency (MAF) of 0.25 and standard deviation 285 of 0.134. A total of 27,280 SNPs had MAF> 0.1 and 16,101 SNP more than 0.25 ( Figure 1 ). assembly has been built that is currently available at NCBI (Accession GCA_002163495) [17] . 295 The new assembly has a 1.94 Gb total length (89% of the genome) anchored to 29 chromosomes. SNPs included in the 57K chip were originated from other genetic lines. Hence, although 308 polymorphic enough in the NCCCWA growth line used in this study for conducting GWA as we 309 have previously shown [10] , the SNPs used for GWA in this study were originated from the 310 investigated population and were expected to be more informative due to ascertainment bias [32] . In addition, chromosome 14 had three genes involved in the cell cycle regulation. The first gene 372 is MCTS1 re-initiation and release factor that had two SNPs in a window explaining 12.65% of 373 the additive genetic variance. MCTS1 is anti-oncogene that decreases cell doubling time by 374 shortening the G1 and G1/S transit time [37] . The second cell cycle control gene was cyclin-A2 An important gene affecting muscle function which is also located within the QTL region on 435 chromosome 16 is the citrate synthase (CS), which is used as a marker for human mitochondrial 436 functions. Ten SNPs explaining up to 8% of the genetic variance were located in the CS gene. GWA studies in fish to identify QTL affecting muscle yield and quality are still in its infancy.
455
Previous GWA analysis using a 57K genomic SNP chip on the same fish population identified two 456 windows that explained 1.5% and 1.0% of the additive genetic variance for muscle yield and 1.2% 457 and 1.1% for muscle weight. Interestingly, the windows are located on chromosome 9, which 458 showed some association with muscle yield in the current study; however, none of the SNPs were 459 annotated to the same genes. No major QTLs were identified in the previous study. This large 460 difference in the outcomes of the two studies was somewhat unexpected. However, it may be 461 explained by lower marker density within or near genes in the 57K chip [10] and by ascertainment 462 bias, because the transcribed SNPs used in this study were discovered in the phenotyped fish and 463 hence are expected to be more polymorphic and informative for GWA analysis in this population.
464
Additionally, in this study, sliding windows of 50 SNP were used contrasting with 20 non-sliding 465 windows in the previous study. Difference in window size slightly contributed to the increased 466 proportion of variance (data not shown). By using SNP windows, it is assumed that those DNA 467 blocks may be inherited together, which may not always be the case for all assumed windows. In This study provides a 50K transcribed gene SNP-chip based on RNA-Seq data from fish 494 families showing genetic diversity for six aquaculture production traits in the USDA/NCCCWA 495 growth-and disease-selected genetic lines. The chip was tested for GWA analysis, which led to 496 identification of large-effect QTL for muscle yield in that population. Other muscle quality traits 497 are currently under investigation. Collectively, these studies will allow the use of SNP markers to 498 estimate breeding values for muscle yield and quality traits that are economically important traits 499 for aquatic food producers, processors, and consumers. Current and future selection at the 500 NCCCWA will select for improved fillet yield. Genetic markers are desirable for these traits 501 because genetic improvement is limited by the inability to measure fillet yield traits directly on 502 broodstock due to lethal sampling. Hence the accuracy and efficiency of selective breeding can
